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Summary.A rare caseof interspecifichybridization
betweenthe Indian oak feedingsilkwormAntheraea
royle;(n=31)andChineseoakfeedingsilkwormA.
pernyi(n=49)yieldingfertileandvigorousoffspringis
reported.The Fl and thebackcross(A. royleixA.per-
ny;)xA. perny;maleindividualsof theabovecrossand
. theF23andF32maleoffspringderivedfroman earlier
crossbetweenanotherrace of A. royle;(n=30) and
A.perny;(n=49) werecytogeneticallyanalysedin or-
der to study their chromosomedynamics.The Fl
hybridsshowed18trivalentsand 13bivalentsin the
first meioticprophaseand metaphase.The backcross
individualspossessedeither9 trivalentsand 31 bi-
valentsor 49 bivalents,in MetaphaseI cells.The F23
and F32 individualswere karyotypicallyalike and
exhibited49bivalents.The followingconclusionswere
drawn from the aboveobservations:(a) in spiteof
allopatryandkaryotypicdivergencein number,a high
degreeof homologyexistsbetweenthe chromosomal
complementsof thetwospecies;(b) A.perny;possibly
evolvedfromA. royle;,duringthecourseof which 18
chromosomesof thelatterunderwentfissiontogiverise
to the36chromosomesof theformer.This is demon-
stratedby trivalentformationandpairingaffinitiesin
Fl hybrids;(c)selectionhasfavouredtheeliminationof
largeA. royleichromosomeswhichparticipatedin tri-
valentformationin successivegenerationsof inbred
hybridsto establisha stableKaryotypelike that of
A.pernyi.
Keywords:Antheraea- Interspecifichybrid- Triva-
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Introduction
Sincespeciesaregeneticallyclosedsystemswithisolat-
ingmechanismsoperatingat differentlevelsin various
degrees,interspecifichybridsarerarelyencounteredin
nature.
However,eportsof enforcedinterspecificcrossesleading
to theproductionofhybridsaremany(seeWhite1973)and
althoughmanyofthesehybridsarequasiorcompletelysterile,
a fractionof themhavebeenfoundto befertile(Footand
Storbell1914;Darlington1939;Carothers1941;Veshima
1963).Jolly etal. (1969)obtainedfertilehybridsin a cross
betweenachromosomalr ceofAntheraearoylei(n=30)and
A.pernyi(n=49).The cytogeneticanalysisof theF2 and
backcrossindividualsshowed"Chromosomeconfigurations"
ofn=30atFt.32,42,44and48atF2and34,42,46and49in
backcrosseswithA.pernyi'(Jollyetal.1979).
In lightof thesefindings,thepresentinvestigationis
concernedwith: (a) the analysisof the first mt:iotic
divisionwith specialemphasison pairingproperties
and modeof segregationin hybridsobtainedby the
crossof anotherchromosomalraceof A. roylei(n=31)
with A.pernyi (n=49). This will haverelevanceon
previouswork (Jolly etal. 1979)wherethe A. royle;
parentwasobservedtopossessa haploidnumberof 30
chromosomes;(b) the meioticstudyof backcrossoff-
spring of the abovehybrids; (c) the chromosomal
analysisof the male germline cells of F23and F32
individualsderivedfrompreviousinterspecificrosses
(Jolly etal. 1979).
Materialsandmethods
The F1 hybridsusedin thepresentanalysiswerederivedby
crossingthe n=31 race of Indian oak feedingsilkworm
A. royleicollectedfromBatote,Jammu and KashmirState,
India,withA. pernyi(n=49),whichis of Chineseoriginand
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maintainedattheStateGovernmentsilkfarm,Ramsu,Jammu
and Kashmir State,India. The backcrossoffspringwere
obtainedby crossingFl femaleswith malesof A.pernyi.The
other sourcesof materialswerethe malesof F23and F32
offspringwhoselineagecan'be tracedto thehybridsof the
n=30raceofA. royleiandA.pernyi(n=49)(Jolly etal. 1969)
whicharemaintainedatthecommerciallevelattheRegional
TasarResearchStation,Imphal,Manipur,India.
Thetestesof 5thinstarlarvaeandearlypupalstageswere
used for cytologicalobservations.Slideswere preparedby
adoptingthetechniqueof Imai (1974).Theywerestainedin
Giemsaand then diluted.25timesin Sorenson'sphosphate
buffer(pH6.8)for25-30min.
Results
Parents
, Analysisof metaphaseI platesof A. royleirevealed31
bivalentstogivediploidnumberof62 (Fig.1).Manyof
thesebivalentswere fairly largewhen comparedto
those of A.pernyi. MetaphaseI plates of A.pernyi
exhibited49bivalentsreflectinga diploidnumberof98
chromosomes,mostof whichwererelativelysmaller
thanthoseobservedinA. roylei(Fig.2).
A. roylei(n=31)xA. pernyi (n=49)hybrids
Both male and femaleFl hybridswere fertile and
vigorous,andthecocoonswerelargerandharderthan
thoseofA.pernyi.Theshapeof thecocoonsresembled
thoseof A.pernyi in that they lacked the double
layerednatureof A. roylei. In general,the hybrids
behavedin a heteroticmanner.Male meioticanalysis
revealed31elementsin theDiploteneandMetaphaseI
stages(Figs.3and4): in thelatter18elementscouldbe
recognisedastrivalentsandtheremaining13as biva-
lents(Table1).Eachtrivalentexhibitedcompletepair-
ing betweenone largeA. royleichromosome(R) and
two smallA. pernyichromosomes(P). Thus, the two
Pernyichromosomesflankedtheroyleichromosomeon
eitherside,beingheld in positionby two chiasmata
(Fig.5).
Backcrossoffspring
The offspringobtainedin the backcrossof hybrid
femaleswith A.pernyimalesshowedonly 40 or 49
chromosome lementsin MetaphaseI spermatocytes.
When40 chromosome lementswereencountered,9
trivalentswereobserved,eachof whichwassimilarto
thosefoundin Fl individuals,and31bivalents(Fig.6).
When metaphaseI platescontained49 chromosomal
elements,all werein thenatureof bivalents.No other
variationof chromosomelementswasobserved(Ta-
ble1).
Inbred F23andF32malesof A. roylei (n=30)XA.pernyi
(n=49)
The meioticpatternand numberof chromosomal
elementsweresimilarin F23and F32males.They
\,,
oJ Table!.Frequency'ofchromosomenumberatFl (A.royleixA.pernyi)(n=31xn=49)Backcross,Fl (A.roylei(N=31)- A.
pernyi(n=49)),andF23 (A. roylei(n=30)XA.pernyi(n=49))
Table2. Possiblesegregationofchromosomesduringspermatogenesisofa backcrossbetweenF I 'i?andA. pernyic
MetaphaseI configurations
Expected Observed
All bivalents
13bivalents+18trivalents
(similartoF I hybrids)
Yes
31bivalents+9 trivalents Yes
Ar,AR - Royleichromosomes(bivalentsandtrivalents,respectively)
AP,Ap - Pernyichromosomes(bivalentsandtrivalents,respectively)
No.ofhybrid No.ofcells Chromosome No.oftri- No.of
malescytologi- examined no. valents bivalents
callyscored
FlA. royleiXA.pernyi 4 120 31 18 13
Fl (A.royleiXA.pernyi)XA.pernyi 2 40 40 9 31
3 45 49 - 49
F23(A. roylei(n=30)XA.pernyi(n=49)) 42 406 49 - 49
Gametickaryotypes Diploidno.
ofbackcross
Fl A. pernyi individuals
13Arl Ap+36AP 13Ap+36AP 98
13Ar/Ap+ 18AR 13Ap+36AP 80
13Arl Ap+ 9AR
+18AP 13Ap+36AP 89
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Fig.1. Antheraearoy/ei:metaphaseI platewith31bivalents
Fig.2. Antheraeapernyi:metaphaseI platewith49bivalents
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Fig.3. F I hybrid:diplotene(arrowsindicatetrivalents)
Fig.4. F I hybrid:metaphaseI with18trivalentsand13bivalents
Fig.5. F I hybrid:enlargedtrivalentshowinglocalizationofchiasmata
Fig.6. Backcrossindividual:metaphaseI withIi trivalentsand31bivalents
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Fig.7. F23hybrid:metaphaseI with49bivalents
showedbivalentsin MetaphaseI (Fig.7) and their
segregationduringAnaphaseI wasfoundtobenormal
(Fig.8).
Discussion
Speciationin theorderLepidopterais frequently,if not
always,associatedwith chromosomalrepatterningin
numberandstructure.Consequently,thephylogenetic
relationshipscanoftenbe correlatedat thekaryotypic
levelby examininginterspecifichybrids.Whenvaria-
tion in chromosomenumberis accomplishedby the
processof fi,ssion,it is observedin hybridsin theform
of trivalentsorquadrivalents(Kawaguchi1928;Feder-
ley 1939).A similarsituationprevailsin the hybrids
used in the presentinvestigation.Since Fl hybrids
showedacomplementof 18trivalentsand13bivalents,
the total numberof chromosomespresentis 80, of
which31 camefromA. royleiand 49 fromA.pernyi.
Eachtrivalentis formedby thepairingof twoA.pernyi
chromosomesto oneA. royleichromosomeand their
associationis reta'inedby twochiasmata.Therefore,it
can be inferredthat l~ A. royleichromosomeshave
undergonefissionto giverise to 36A.pernyichromo-
somes.The remaining13 chromosomesof A. roylei
havebeenretainedassuchin A.pernyi.Regularmeio-
tic pairing with chiasmaformationand the normal
reproductivevigourof Fl hybridswhichmadepossible
thesuccessfulrearingof inbredoffspringup to theF32
generationindicatethat (1) the chromosomecom-
plementsofA. royleiandA.pernyisharea highdegree
of homologyand (2) eventhoughthetrendof karyo-
typicevolutionfromA. royleitoA.pernyiis towardsa
numericalincrease,in about60%of the chromosome
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Fig.8. F23hybrid:earlyanaphaseI
complementof the former the geneticaffinity between
the twospeciesis high despitetheirallopatry.
Jolly etal. (1969)obtainedsimilarhybridsasthosein the
presentstudy exceptthat the A. roylei parentused then
belongedto a differentrace(n=30).Theoretically,thehybrids
obtainedby Jolly etal. (1979)possessed79 chromosomesof
which30camefromA. royleiand49fromA.pernyi.In lightof
theobservationsmadein thehybridA. roylei(n=31)XA.per-
nyi (n=49), it could be explainedthat the 30 elements
constituted11 bivalentsand 19trivalents.This explanation
could be furtherstrengthenedif we assumethatthen=31race
ofA. royleiusedin thisinvestigationisderivedfromthen=30
racebythefissionofachromosome.
On this basis the hybrid obtained from the n=31
raceof A. royleiwouldbe expectedto show13biva-
lentsand 18trivalentsincea A. royleichromosomein
one of the 19 trivalentsmentionedabovewould be
brokenintotwo,therebyconvertingthistrivalentinto2
bivalents.As a result,therewouldbea decreasein the
numberof trivalentsfrom 19to 18witha correspond-
ing increasein bivalentsfrom II to 13.Thus,thetotal
number of chromosomalelementsexpectedin the
hybridwith a n=31raceof A. royleiparentwouldbe
31andwithan=30raceofA. royleiparent,30.
The backcrossoffspringof the presentstudyex-
hibitedeither40(9 trivalents+31bivalents)or 49 (all
bivalents)chromosomalelementsin MetaphaseI.
Hence,the total numberof chromosomespresentin
theseindividualsare 89 and 98, respectively.These
karyotypescanbeobservedinTableI.
It is obviousfromthetablethatbackcrossoffspring
with 80 chromosomalelementssimilarto Fl hybrids
werenotobservedbyus.It is possiblethatwehavenot
examineda sufficientnumberof backcrossoffspringto
comeacrossthistype.
Meioticanalysisof F23and F32malesderivedfromthe
crosseffectedby Jolly etal. (1969)betweenA. roylei(n=30)
and A.pernyi(n=49) showedonly 49 bivalents.The mor-
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phologyof the chromosomesof theseindividualswas very
similar to that of the A.pernyiparent.Apparentlyall the
chromosomesof A. royleiwhichwereinvolvedin theforma-
tion of trivalentsare eliminatedfrom the inbred hybrid
progeniesatsometime.It is hazardousto ventureanyreason
for thepreferentialeliminationor theseA. royleichromosomes
in theabsenceofkaryotypicdatalor all thehybridprogenies.
The only scantydatawhich are availablecomefrom the
earlierworkof Jolly etal. (1979)on F2individuals.Whileno
definitetrendis discerniblefrom this information,thereis
someindicationthata high percentageof F2 offspringpos-
sesseda largernumberof chromosomalelementsthantheFl
hybrid.Thisis indicativeof anincreasingnumberofbivalents
at theexpenseof trivalents.This in turnreflectsa progressive
butgradualeliminationof royleichromosomesof trivalentsin
succeedingenerationsofinbredhybrids.
At this juncture it can only be surmised that the
presenceof roylei chromosomesin question somehow
lowers therelativefitnessof theintrogressedkaryotypes
and, therefore,they are selectedagainst.This possibly
may be related to favouring bivalent formation over
trivalent formation by selection since the latter will
definitely place a strain on the meiotic manoeuvre.
Similarly, a karyotypewith a high chromosomenumber
simulating the A. pernyi parent got establishedin the
latergenerationsof inbred hybrids.
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